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Comparison of the tandem mass spectrometry
analysis of compounds of general structure
R>R'SnPh, RR'SnPh, with R;Sn analogues
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Positive ion-electron impact (El) mass spectra of
some novel organotin compounds have been
recorded. These compounds were of the type
Me,SnRR (where R =Me, Ph and R=Ph) and
R,R’'SnPh (where R = Me,n-Bu, n-Pe and R=
Me, n-Bu, n-Pe). The spectra were also examined
by tandem mass spectrometry (MS-MS) in
order to establish fragmentation reaction
mechanisms for compounds bearing mixed
substituents, particularly the effect of the pre-
sence of aryl substituents. In addition, the
resultant EI and MS-MS spectra for these
compounds were compared with those of ESn
(R=Me, Bu, Pe, Ph). The results show that
mixed substitution of tetra-alkyl/aryl com-
pounds has a significant effect on the behaviour
of these compounds in the mass spectrometer.
This effect can be illustrated by examining the
fragmentation reaction pathways for the various
compounds studied. Fragmentation patterns of
nine organotin compounds, based on precursor—
product ion relationships are proposed. This
technique has the potential to predict the effect
of substitution on the mass spectra of organotin
compounds and probably organolead and
organogermanium compounds.
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1 INTRODUCTION

RsSNnR was reported by Gielen and MayencEhis
was followed by a number of other studfedwhich
showed a number of common features. Most
prominent of these features is the high stability of
RsSnt (for R=Me, Et, Pr, Ph) and/or RSn(for
R=Bu) and almost the total absence of any
significant molecular ion. Fragmentation pathways
for the mass spectra of organotin compounds based
mainly on metastable ion data were proposed by
Chamberst al* Decomposition modes of organo-
tin compounds were explained in terms of the even-
bonding- and odd-bonding-electron character of a
particular ion on its dissociation reactionsThe
molecular ions decompose mainly by elimination
of odd electron neutral fragments and, therefore, the
even-electron ions, $Sn" and RSH, tend to be the
most abundant. There is some evidence, in this
current work, to suggest the loss of alkene
molecules may also lead to ions with increased
stability, for example MeSnPh [relative abun-
dance (RA) 100%] from BgMeSnPh.

Published fragmentation pathways have been
collated for those compounds for which metastable
ions, tandem mass spectrometry (MS—MS) or some
other substantiating evidence is availabfeThe
speciation of organotin compounds through clear
reaction pathways and dissociation modes was
made possible by using the technique of MS—MS.
The general procedure for this technique, using a
triple quadrupole system, involves the selection of a
precursor ion(s), which is (are) characteristic of an
organometallic compound, using the first mass
analyser; each ion is then dissociated by collision
with an inert gas in the reaction region. The
resultant fragment ions are monitored and detected
by scanning the second mass analyser. The MS—MS

One of the first serious attempts to study convenspectra can be used to construct complete frag-
tional positive ion-electron impact (ElI) mass mentation pathwaysby carrying out sequential
spectra of organotin compounds of general formulaexperiments. Previous studies have shown that the

way and extent to which an ion fragments in the
reaction region are greatly influenced by the nature

* Correspondence to: G. Lawson, Department of Chemistry, De@Nd pressure of the gas utilized. Furthermore, the
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kinetic energy of the selected ions also has an effect
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on the resultantfragmentation.Therefore, when
conductingMS—MSexperimentst is of paramount
importanceto ensureconsistentanalytical condi-
tions, for examplefixed primary ion energyand
collision gaspressurejn orderto obtain reprodu-
cible results.

Thenatureandextentof thesubstitutiorhasbeen
shownto havea markedeffecton the behaviourof
organotincompoundsn themassspectromete?:®-°
For exampleit hasbeenshowr? that the natureof
substituentgaromatic,aliphatic, unsaturatedyig-
nificantly changeghe fragmentation/reactiopath-
waysfor compoundf the type Rs;SnR, whereR’
can be alkyl, aryl, vinyl or allyl. Thesestudies
showedhatthe majorfragmentionsin the EI mass
spectrum of BuzSnVinyl are SnVinyl" and
SnH,Vinyl", whereasfor BusSnAllyl, BusSnPr
andBu,Snthemajorfragmentonsoccuratnvz 177
and 179, correspondingo BuSn" and BuSnH,"
respectively.This differencemay be explainedin
termsof the stabilizingeffectexertedby thedouble
bondin thevinyl group,whichis in closeproximity
to the Sn—Cbond.The possibleeffect of a double
bond alphato the Sn—C bond on stabilizing the
resultantfragmention wasexaminedoy investigat-
ing the massspectrumof Pe;SnPh’ The fragmen-
tation pathwayof this compoundwas found to be
similar to that of BusSnVinyl.

Perhapghe mostdramaticeffect on positiveion
massspectraof organotincompoundssa resultof
substitutioncanbeillustratedby comparingthe El
massspectraof Ph;SnClandMes;SnCl2® Themost
abundanton in the massspectrumof PhsSnClis at
m/z 154,which correspondso Ph," (i.e. biphenyl),
which could form asa resultof two phenylgroups
undergoingeitherintramolecularearrangementr
radical reaction to form very stable neutral
specieslIn contrast,the mostabundanton in the
massspectrumof Me;SnCl can be found at m/z
165, correspondingo MesSn*, andthe stability of
this ion may be explainedby the inductive effect
of the methyl groupsto the electron-deficienBn"
atom.

A seriesof similar studiescanbe carriedout by
changingthe natureof the substituenigroups,and
these include investigating the mass spectra of
somenovel organotincompounds.

Positiveion massspectraandthe fragmentation
pathwaysof selectedorganotin compoundswith
mixed alkyl and/oraryl substituentsvere investi-
gatedto determinewhether:

(1) therelativesizeof differentsubstituentfiasany
effecton theresultingspectra;

Copyright© 2000JohnWiley & Sons,Ltd.

Table 1
Me,sSn Bu,Sn Pe,Sn PhSn
MesSnPh P&SnPh
Me,SnPh Bu,SnPhb PeSnPh
Me,PeSnPh  Bu,PeSnPh

Bu,MeSnPh

BuPeSnPh

(2) increased aromatic substitution significantly
changeghe fragmentation/reactiopathways.

2 EXPERIMENTAL

Authentic samplesof organotincompounddisted
in Table 1 were availableeither commerciallyor
were specifically synthesized.Structures,where
necessarywereconfirmedby high-resolutiormass
spectrometryandthe purity in all caseswvasbetter
than 95%. Sampleswereintroducedinto the mass
spectrometewia the direct insertionprobe,which
waswarmedoverthetemperatureange50-100°C.
Mass spectrawere first recordedunder conven-
tional El conditions.The major fragmentions for
eachcompoundwere identified and subsequently
the precursor—producton scan mode (MS—MS)
spectrafor eachof theseions were also recorded
usinga VG Trio 3 triple quadrupolemassspectro-
meter.

The experimentalparametersused throughout
this investigation were as follows. StandardEl
spectra: mass spectrometer,Q1 only operating;
scan rate, m/z 35-500in 1 second;resolution,
>1100. MS—-MS spectra: Q1 set at m/z values
selectedfrom resultsof standardEl experiments;
Q2 collision gas,argonat 3.2 mTorr; Q3 scanning
m/z, 20-500 in 1 second resolution, >1100;
collision energy,6eV.

3 RESULTS

The compoundsinvestigatedin this work are
detailed in Table 1. Some of the compounds,
omitted from Table 1, for exampleBusSnPhand
PhsSnR, have either beenreportedelsewherd or
are includedin the table in anothercolumn, e.qg.
PhSnBw is enteredin the column headedby
BU4sn.

The conventionalEl massspectraldatafor each

Appl. OrganometalChem.14, 874-881(2000)
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compound under investigation are recorded in

Table 2. Eachfragmention occursas a group of

peaksasaresultof tin isotopeqsix majorandfour

minor isotopes).For simplicity reasonsthe mass
spectralfragmentationdataare presentedn terms
of the Peaks relating to the principal isotope,

namely*2°S

Inspectlonof the datain Table 2 suggestghat
whilst the lossof analkyl/aryl substituengroupto
produce the RsSn" speciesis the initial major
fragmentatiorpathway ,the subsequentragmenta-
tion reactionsappearvery dependenon the nature
of the substituentpresent.Chamberset al.* and
GielenandJuckscharfsobservedheeliminationof
a hydrocarbonradical from the molecularion of
alkyl organotincompoundso produceR;Sn" ions
of high RA. Similarly, OstahandLawsor reported
the sameprocesdor PhsSnR compoundswhereas
the alkyl analoguesproducedRSn' ions at 100%
RA. Molecules containing alkyl moieties with
carbonchainsof two or more(i.e. ethylandabove)
were observedo producefragmentatiorpathways
basedon the loss of neutral alkene molecules,
leading to the formation of the mono- and di-
hydride ions R,SnH" and RSnH,". The same
investigationalso showedthat for compoundsof
generalformula R3SnR, where R =n-butyl or n-
pentyl, the natureof the dihydrideformeddepends
on R'. For examplewhenR’ = phenylor vinyl the
dihydrideis R'SnH," andnot RSnH," asin other
spemessuchas BusSnAllyl. Accordingto Cham-
bersetal.* therelativeabundancef thehydrideion
is relatedto the numberof alkyl-tin bondspresent
in the molecule. This was attributed to the
stabilizing effect exerted by the relatively close
doublebondin R’ substituents.

The results from the present investigation,
particularly the MS—MS data, show that there is
no one single fragmentationschemeapplicableto
therangeof compoundsnvestigatedandthatthere
is competition betweenthree possiblefragmenta-
tion routesdependingon the natureandnumberof
substituentpresenin the molecule.The complex-
ity is typified by consideringhe compoundsn the
top row of Table 1, where the fragmentation
patterngesultingfrom eachof thechemicalgroups
Me-Sn, Alkyl-Sn and Ph—Snare different from
eachother.

3.1 Fragmentation patterns of R;Sn
compounds

Fromthe literaturedatacited earlier,the basepeak
for thesecompoundsshould be RzSn*, which is

Copyright© 2000JohnWiley & Sons,Ltd.

observedor R=Me andR = Ph, but for R=n-Bu
and n-Pe this ion has RAs of 71% and 24%
respectivelyln boththesdattercaseshedihydride
ions arethe basepeak,with the SnR" speciesf a
similar abundanceEach of thesecompoundswill

be discussedeparately.

3.1.1Me,Sn

The conventionalfragmentatiorpatternin Table 2

suggestshatthe sequentialossof methylgroupsis

theonly viable fragmentatiorroute,but the RAs of

MeSn" andMe,Sn"" (25% and 22% respectively)
do not conformto this pattern.The MS—-MS data
Fig. 1) showthat whilst thereis only onerouteto

the formation of MesSn" and Me,Sn'™, thereare
two routesleadingto both MeSn" andSn'".

3.1.2PhsSn

The MS—MSinvestigationof this compoundshows
that part of the fragmentationpathway(Fig. 2) is
exactly analogousto that of MesSn, i.e. the
sequentialoss of the Ph groups(PhsSn* = 100%,
PhSn" =11%, PhSn = 33%). Differencesoccur,
however, resulting from the apparentrearrange-
mentreactionsof PhsSn', which facilitatestheloss
of a neutralbenzenamoleculeor the formation of
eitherthe biphenylor biphenylendons at n/z 154
and 152 respectively.

3.1.3BusSnand PgSn

The datain Table 2 for both thesecompounds,
particularlythe presencef ionswith Sn—Hbonds,
showsthatfragmentatioroccursboth by the lossof
alkyl and alkene groups.RSnH", ions form the
basepeakfor the pentyl derivativeand have 98%
RA for the butyl compound.The RsSn* ion has
significantlyreducedRA, 71%for BusSn* andonly
24% for PeSn". This is explained by the
fragmentationscheme(Fig. 3) derived from the
MS-MS data,which revealsthatthe molecularion
fragmentsby three different routes® two include
thelossof alkenemolecule(slandanalkyl radical,
andthe third involvesthe loss of an alkyl radical
only. The loss of the alkene/alkylmoieties must
involve somerearrangementeaction comparable
to thatexhibitedby Ph;Sn', sincetheoveralllossis
seenasa single stepin the Trio 3 apparatusThe
observatiorof thesepathwayss limited by thelow
abundancef themolecularionsfor thecompounds
investigated.Further evidencefor rearrangement
reactionsof theRSnH, ", R,SnH"™ andRsSn™, ions
is the productionof (CHz),SnH" from theseions,
but only when R = pentyl. Thereis no detectable
evidencefor the formation of this ion in the butyl

Appl. Organometal Chem.14, 874-881(2000)
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MesSn ——= Me;Sn'\

Me;Sn" ——— MeSn* —> Sn”

Figure 1 Simplified fragmentatiorpathwayfor Me,Sn.

PhSn ————— Ph;Sn" —= PhSnCeH4"

T

154 Ph,Sn*" ————-—= PhSn* —= Sn

|

152

4

Figure 2 Simplified fragmentatiorpathwayfor Ph,Sn.

compound, nor in compounds containing the
Sn—Ph bond. In both compoundsthere was a
significant contribution to the conventionalmass
spectrum(Table 2) from the fragmentationand
chargeretentionof thealkyl chainsubstituentgm/z
57,43, etc.).

3.2 MIS-MS experiments

MS-MS experimentswere carried out on com-
pounds with different substituentsin order to
establishthe appropriatereactionpathways.How-
ever, it becameevidentthat there was no single
general reaction pathway that could be used to
representhe MS—MS resultsfor all the tin com-
poundsin questionThisis not surprising,owingto

the presenceof various substituents(Me, n-Pe,
n-Bu, Ph)in differentcombinations.

The isotope *2°Sn was used to elucidate the
overall fragmentationpatterns,and in someareas
the resultswere confirmedby parallel determina-
tions based on the *®n isotope. This was
particularly importantwherethe loss of hydrogen
atomswassuspected.

For the purposesof the following discussions,
compoundswith the samefragmentatiorpathways
in the MS-MS analyses have been grouped
togetherOneof themainfeatureof thesereactions
is the eliminationof oneor morealkenemolecules
andtheformationof mono-,di- and,in somecases,
tri-hydride specieswherethe compoundsnclude
oneor moren-butyl and/orn-pentylgroups.Thisis
in accordancewith previous results obtained by
otherresearcher$?® This processs absentvhenthe
substituenis the methyl or phenylgroup.

3.2.1Me,SnRR compounds

Thestructureof themajorionsin theconventional
El positive massspectraof thesecompoundsare
recordedn Table2. Thecompound#$e,SnPh and
MesSnPhexhibited fragmentationprocessegFig.

4) thatwereanalogouso thoseof Me,Sn. Thedata
in Fig. 4 are a combinationof the fragmentation
processeexhibitedfor Me—SnandPh—-Srsystems.
However, it is interestingto note that thereis no

evidencefor the formation of the biphenyl from

MGZSHPQ.

The main fragmentationprocessin thesecom-
poundsoccursvia the lossof a methyl groupfrom
the molecular ions. This is followed by the
sequentialoss of alkyl groups,leadingultimately

Can RgSn+

- (2 alkenes) \ -(2 Alkenes + C3Hg )

-R - (3 Alkenes) -2R

-(R+2 Alkenes)

-( R + Alkene)

- (Alkene)

-( Alkene) /

RSN RSnH;" ——— SnH;"

\

- (2 Alkenes)

N

RSn*

/

-RH

Nt

o llzslll‘l+

- ( Alkene) EtSnH," *

-(Alkene + C3H3)

Figure 3 Fragmentatiorpathwayfor R,Sn compoundsvhereR = n-Peor n-Bu (*EtSnH; is not producedwvhereR = n-Bu).

Copyright© 2000JohnWiley & Sons,Ltd.
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MeSnRR'*

Me;RR'Sn"”

R’ -Me -R
MeSnR'* "————— SpR"" ———> Sn*

R=Me, R'=Ph
R =Ph, R' =Ph

R=Me, R'=Me

- MezR

Figure 4 Fragmentatiorpathwaysfor compoundsvie,SnRR.

to the formation of the tin ion. Me,PeSnPtshows
the dominantprocessto be the loss of the pentyl
group,followed by thelossof the methylandother
alkyl radicals.Me,PeSnPlis theonly compoundn

this groupthatgivesthe hydrideion Me,SnH", due
to the eliminationof a pentenemolecule. A similar
procesdeadsto the formationof MeSnRH™ in the
mass spectrumof the same compound.Further-
more, the SnR* ion is more prominent where
R =Me or Ph (RA =16-25%)than in the case
whereR' = Pe(RA =2%).

3.2.2Compoundsof general formula R,R’'SnPh
The compounds included in this group are:
Me,n-PeSnPh, n-Bu,MeSnPh, n-Pen-BuSnPh
and n-Bu,n-PeSnPh.The generic fragmentation
pathwaysfor thesecompoundspbtainedfrom the
MS—-MS studies,are detailedin Fig. 5. As canbe
seen,the initial fragmentationprocessis a com-
petitive lossof eitherthe alkyl or the phenylgroup
to producethe R,SnPh, RRSnPh andR,R'Sn"
ions.In thegenerakaseheseonsfragmentfurther
by the loss of alkenes,producingmono- and di-
hydrideions andthe ultimate products(not shown
in Fig. 5) are SnH," and SnH;". Compounds
containingn-butyl and n-pentyl groupsexhibit the
significantlossesof alkenesjeadingto the produc-
tion of specieof thetype R,SnH" andRSnH,", as
well as of relatively high levels of the alkyl
fragmentions CgH; ", CgHs " andC4Hg ™.

Copyright© 2000JohnWiley & Sons,Ltd.

It is interestingto note that whilst this rangeof
compoundshas been experimentally shown to
follow the samegenericfragmentatiorpattern,the
RAs of theseions producedasdetailedin Table 2
indicate that the reactions are followed in a
competitivemanner.Furthermorewhilst the major
pathwaysareshownin Figure5 someminorroutes,
specific to particular compounds need to be
recorded.

3.2.2.1Fragmentationof RHSnPH ions

In the genericscheme(Fig. 5) the fragmentation
pathwayof thision includethelossof analkeneor
an alkaneasshownbelow:

-Alkene

RHSnPH" PhSnH," (RA < 5%)
-Alkane

L = gsnPh*

(RAs 30-40%)

WhenR is a methyl group,however thelossof an
alkeneis not possible,and two routesinvolving
neutrallosseswereidentified:

-Benzene
MeHSnPh*

MeSn*
-Methane

L———————————= SnPh*

Only when R is methyl or phenylis the species
RSN" observedat any significantlevel (RA >5%).

Appl. OrganometalChem.14, 874-881(2000)
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R,SnPh*

\]\(Alkene)

- (2 Alkenes)

-(Alkene)

RzR'SnPh+' SnPh* RHSnPh' ———— > H,SnPh*
-RR' -(Alkene) - (2 Alkenes)
\ RR'SnPh*

-Ph R'SnH,"

-( 2 Alkenes)
— -RR’
SnR,R'* > RSn'

-(Alkene')

SnR2H+

Figure 5 Fragmentatiorpathwaysfor R,R'SnPh.

3.2.2.2Compoundgontainingtwo or moren-butyl
and/orn-pentylgroups

The genericreactionschemein Fig. 5 needsto be
expandedto cover the fragmentationlossesin-
volving severalalkene groups. lons of the type
RRSNPh can fragment by alkene losses to
producebothSnPhH" andSnH," ions. Similarly,
the R,R'Sn" ions canundergathe following routes
of fragmentations:

RSnH,"

RzR’Sn’ > RzSI’\H“ — San’

\ RR'SNH* /

3.3 Compounds of general formula
RZSnth

A generic fragmentationfor this group of com-
poundss shownin Fig. 6. Theformationof hydride

ionsinvolvesthelossof oneor morealkenegroups.

Routesinvolving the loss of alkene groupshave
only been observedwhere there are Bu—Sn or
Pe—Snbonds.FromTable?2 it canbe seenthatas
the number of Me—Sn bonds decreasesso the

Copyright© 2000JohnWiley & Sons,Ltd.

relative abundanceof ions containingthe Sn—H

bondincreasesFor examplefor Me,Sn,Sn—H" is

not detectedfor Me,SnPh theion MeSnH," (m/z

137)hasan RA of 4% andfor MeBu,SnPhtheion

MeSnPH (mVz 213) has an RA of 100%. The

conventional EI positive mass spectral data for

thesecompoundsshownin Table 2, is consistent
with the pathwaysidentified from the MS—MS

experiments.

4 DISCUSSION

The positive ion EI mass spectraof organotin
compoundAlkyl .SnRR” (whereAlkyl is Me, Bu
or Pe,R = Me, Bu, Peor PhandR” = Me, Bu, Peor
Ph) were dominatedby formation of the fragment
ion dueto thelossof a methyl or butyl groupwhen
the alkyl is a methyl or a butyl grouprespectively.
Althoughthesameprocessoccurswhenthealkyl is
a Pe group,the main fragmentationprocesss the
formation of an SnR'" ion (whereR” =Peor Ph
group).Therefore,it is evidentthatthe size of the
main alkyl substituent has an effect on the
fragmentationof varioustin compoundsFurther-
more, this is shownby the presenceof ions with

Appl. Organometal Chem.14, 874-881(2000)
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-Ph;H

+ ¢

SnPh,H* > Sn
-(R + Alkene) -(Alkene) *
AN -Ph
RSnPh,
-R
-Sn
R,SnPh;** > SnPh’ > Ph*
\ -R,Ph
-Ph
\ W \
R,SnPh" -(Alkene) ———————>= RSnPhH"
\
-( 2 Alkenes) - (Alkene)
o~ SnPhH,* ~

Figure 6 Fragmentatiorpathwaysfor compounds€R,SnPh, whereR = Peor Bu.

relatively high RA valuesdueto fragmentationof

the alkyl groupitself (m/z 41, 43,57, 71). In this

casethe Sn—alkyl bondsare no longerequivalent
in termsof dissociationenergy.

Another feature in the mass spectraof these
compoundss the formation of mono-di- and tri-
hydride ions due to the loss of one, two or three
alkene molecules respectively. These ions are
producedin significant amountsonly when the
moleculecontainstwo or morebutyl and/orpentyl
groupsin any combination.

In conclusionthemassspectraandfragmentation
pathways for organotin compoundsare greatly
affectedby the natureandnumberof the alkyl and
aryl substituentsFor example,a methyl group in
contrastto a butyl or pentyl group doesnot go
throughelimination of an alkenegroupbecausef
the non-availabilityof hydrogenatomson betaand
subsequentarbonatoms.Thepresenc®f a phenyl
groupmay exerta stabilizingeffecton theresultant
ion, which containsone or more phenylgroups.

Copyright© 2000JohnWiley & Sons,Ltd.

It will be interestingto investigatethe relative
effect of mixed alkyl substitution on the mass
spectraof compoundsuchasBu,SnEb, Pe&SnPs,
etc.
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